A computer program was developed for data acquisition in capillary isotachophoresis. The program consists of two modules, one for data acquisition and the other for data analysis. The data analysis module calculates zone lengths and step heights automatically. This can also be done by the operator on a graphics screen. The program was tested on the analysis of both a thirteen-component standard mixture and a more complex sample.
INTRODUCTION
During the last decade, capillary isotachophoresis (TTP) has been increasingly used for complex samples, but an important drawback is that the zone lengths and step heights still have to be measured manually. The few computer programs'-3 that have been developed are sufficiently accurate for standard mixtures, but for complex mixtures they still have major limitations.
The program developed by Reijenga et al. ' is based on conversion of the conductometer signal to a signal with chromatographic properties. This was done for two reasons: the smaller amount of memory in the computer needed for data storage, and the fact that a commercial chromatographic signal-processing system can process the converted data and calculate the zone lengths (surface of the peak) and the step heights (time of the peak). Disadvantages of this method of measurement are the loss of time information: a zone with a smaller step height than that for the previous zone, i.e., an enforced zone4,s cannot be recognized as such, and the fact that a slightly increasing or decreasing zone can be subdivided by the computer program into more zones6.
Stover et al. ' developed a program based on a Hewlett-Packard HP-85 microcomputer. In this program, the differentiated conductivity signal is acquired via a 12-bit analogue-to-digital converter (ADC) and the original isotachopherogram can be reconstructed from these differentiated data. A disadvantage of this system is that slightly increasing or decreasing zones will be reconstructed as straight zones. As a consequence, an error may occur in the step-height measurement. In a later version of the program3 both the analogue and the differentiated signal were acquired. The analogue signal was used for terminator recognition and step-height measurement, The program was tested by analysing: a standard sample consisting of thirteen components and a more complex sample, beer ("Bavaria", Lieshout, The Netherlands). This beer sample was taken because the isotachopherogram consisted of both large and small zones.
The zone lengths and step heights were measured both manually on a recorder and by the computer. The analyses were carried out on the laboratory-made equipment described by Everaerts et a1. 4 . The diameter of the capillary was 0.2 mm and the length was 20 cm. The driving current, delivered by a high-voltage supply (LKB, Bromma, Sweden), was 25 PA. The electrolyte system used for both samples is listed in Table I . The analogue signal of the conductivity detector was digitized by the ADC, which was connected with the IBM computer. The analogue signal was also plotted on a BD41 line-feed recorder (Kipp & Zonen, Delft, The Netherlands) for the manual determination of the step heights. The electronic differentiated conductivity signal, plotted on the recorder, was used for the manual determination of the zone lengths. Fig. 1 shows the structure of the program. It consists of two modules, a data acquisition and a data analysis module.
Description of the program

Data acquisition module (Fig. IA)
This is for the regulation of the data collection of the analogue signal of the conductivity detector by the ADC and for writing the data to floppy disk. This module consists of three parts:
"Measure I'. This starts the data acquisition. The sampling frequency can be varied from 1 to 30 000 Hz. For most routine analyses a sampling frequency of 40 Hz will be satisfactory.
During screen. After the measurement the user is asked for a name under which the datafile has to be saved.
"Channel". This changes the channel number. "Adjustment baseline". This adjusts the base line above zero.
Data analysis module (Fig. IB)
This is for the automatic or manual calculation of the step heights and zone lengths. This module consists of six parts:
Loading qfa datqfile. This part serves for the loading of an earlier saved datafile from the floppy disk into the RAM of the computer and a first rough definition of the zone borders and a zone-type determination.
For the determination of the zone borders the isotachopherogram is transformed into a height-frequency diagram as described'. The values which exceed the noise level are indicated as zones, provided that the distance between two zones is larger than the value of the parameter "minimal zone distance". In Fig. 2 zones 1, 2 and 5 are recognized by the program as separate zones, whereas zones 3 and 4 are linked. The peak between 1 and 2 is not identified as a zone at this noise level. Finally, a routine "zone-type determination" attributes to each zone a zone-type number: 1 for a straight zone, 2 for a decreasing zone, 3 for an increasing zone and 4 for a small zone.
Graphics display of the results. With three graphics screen plot functions, the determination of the zone borders can be examined. The first function can display the whole isotachopherogram, the inflection points and estimated zone borders. The second function plots the height-frequency diagram (Fig. 2) . The third function plots the zones separately.
Data smoothing. This part smooths the data when the noise is too high. This routine works with a digital noise filter; the value of a certain point is recalculated from the mean of the surrounding points, where the contribution of each point to the mean value depends on the distance to the original point. In this routine a 25point filter is used according to the theory of Savitsky and Golay',*.
Change default parameters. This part gives the possibility of changing the (default) parameters "noise level" and "minimal zone distance". Calcufation. In this part the step heights and zone lengths are calculated automatically. First, the inflection points are determined.
The inflection points are the maxima of the first derivative of the signal. The first derivative is calculated with a Savitsky and Golay filter as described under Data smoothing. The parameter "differentiation limit" determines the minimal value that the first derivative must fulfil in order to be recognized as an inflection point. The parameter "differentiation limit" can be entered by the user before the automatic calculation.
In flat zone borders, where the first derivative is below this value, no inflection point will be found. The inflection point is estimated from the middle between the temporary zone borders. The zone length is now determined from the distance between two inflection points. The step height is determined separately for each zone type: Zone type 1 (straight zone): the mean of all points between the left and right border for which the first derivative is zero.
Zone type 2 (decreasing zone): the highest point between the left border and right zone border.
Zone type 3 (increasing zone): the mean of the step height of the first part (40 points) of the zone to obtain reproducible step heights for zones of different lengths. Zone type 4 (small zone): the step height of very small zones (fewer than 40 points) is determined from the mean step height of all points between the left and right zone border.
Finally, the results of this part are printed. An example of this is shown in Table  II , where a computer output is shown of the analyses of the beer sample (Fig. 5) .
"Manual"determination qf the zone characteristics. If the zones are not correctly determined in the previous part, then with this part zone lengths and step heights can be determined "manually".
This means that the zone lengths and step heights can be determined on the screen. Starting with the plot procedure "graphic display of results", the whole isotachopherogram is displayed on the screen (Fig. 3 ). If necessary it is possible to enlarge a certain part of the isotachopherogram.
For the determination of the zone lengths two vertical lines can be displayed on the screen. With the cursor keys the lines can be moved. Under the isotachopherogram the distance between the two lines is displayed. For determining the length of a certain zone the lines have to be moved to the inflection points of the zone. The zone length is then displayed under the isotachopherogram.
The minimal error of the "manual" zone length determination is 0.025 s (at 40 Hz) with full enlargement of the isotachopherogram. Analogously the step height can be determined with horizontal lines. Testing of the program Fig. 4 shows the isotachopherogram of a standard mixture. In Table III the results are shown of the zone length measurements for five analysis of the sample with an injection amount of 4 ~1, which corresponds to an absolute injection amount of 1 nmol for each component.
To test the program for small zones, we also analysed 1 ~1. These results are also shown in Table III . In Table IV the results are shown for the relative step-height measurements for the same injection amounts. It can be seen that the automatic measurements for both the zone lengths and step heights agree with the manual measurements.
The coefficients of variation of the zone-length measurements vary from 0.5 to 3% for both methods. With the manual measurement, however, a recorder speed of 30 cm/min was used, whereas the normal speed is 6 cm/min. If the latter speed had been used a larger error (30 cm/min f 0.1 s, ITP 
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Step height 60 cm/min f 0.5 s), due to the thickness of the recorder pen, could be expected for the manual measurements, especially for small zones.
Finally, the program was tested with a complex sample. A l-p1 volume of beer was injected ten times and Fig. 5 shows the isotachopherogram obtained. The zone lengths and relative step heights of the ten zones were measured by the computer and manually, using the analogue differentiated signal on the recorder. The results are given in Table V . The automatic measurements correspond well with the manual measurements. In Table V those zones which were measured "manually", using the graphics screen plot, when the automatic data processing failed are indicated.
CONCLUSIONS
The use of this computer program for data acquisition in capillary isotachophoresis will expand its applications in routine analysis. The program can measure zone lengths and step heights automatically or "manually" using a graphics screen plot. For most applications the automatic data processing will be sufficiently accurate. For complex samples a manual correction may be necessary for some zones. Tests with the program have shown that the automatic measurements agree with the manual measurements.
